We present a low-redshift (z=0.029) Damped Lyα (DLA) system in the spectrum of a background quasi-stellar object (QSO). The DLA is associated with an interacting galaxy pair within a galaxy group. We detected weak Lyα emission centered at the absorption trough of the DLA. The emission was likely tracing the neutral H I reservoir around the galaxies in the interacting pair, which scattered the Lyα generated by star formation within those galaxies. We also found that the interacting pair is enveloped by a large H I cloud with M(HI) = 2 × 10 10 M ⊙ . We discovered blueshifted 21 cm H I emission, corresponding to M(HI)=2 × 10 9 M ⊙ , associated with J151225.15+012950.4 -one of the galaxies in the interacting pair. The blueshifted H I was tracing gas flowing into the galaxy from behind and toward us. Gas at similar blueshifted velocities was seen in the QSO sight line thus suggesting the presence of a filamentary structure of the order of 100 kpc feeding the galaxy. We estimated a mass inflow rate of 2M ⊙ yr −1 into the galaxy, which matches the star formation rate estimated from Hα emission. It is likely that the inflow of enormous amounts of gas has triggered star formation in this galaxy. The sudden acquisition of cold gas may lead to a starburst in this galaxy like those commonly seen in simulations.
INTRODUCTION
Damped Lyα (DLA; N(HI) > 2 × 10 20 cm −2 ) systems trace the bulk of the observed neutral gas in the universe and therefore are powerful probes of galaxy formation and evolution (Wolfe & Prochaska 1998; Prochaska & Hennawi 2009; Noterdaeme et al. 2009 ). The unique property of the gas in these systems is its ability to self-shield itself from becoming photoionized by the cosmic ultraviolet background (see review by Wolfe et al. 2005 , and references therein). Consequently, such clouds are likely to survive long enough to produce stars.
Most of our current understanding of DLAs comes from high-redshift systems seen in the optical spectra of Quasi-stellar Objects (QSOs; Wolfe et al. 1986;  Electronic address: sanch@asu.edu Lanzetta et al. 1991; Rao et al. 1995; Kulkarni et al. 1997; Prochaska & Wolfe 2000; Nestor et al. 2003; Péroux et al. 2003; Prochaska et al. 2003; Khare et al. 2004; Turnshek et al. 2004; Prochaska et al. 2005 ; Ledoux et al. 2006; Rafelski et al. 2012 Rafelski et al. , 2014 Krogager et al. 2017 , and references therein). However, a critical disadvantage of studying high-redshift DLAs is the difficulty of imaging the galaxy distribution around them to identify their host. This severely limits our understanding of the connection between DLAs and the galaxies where stars are formed. Therefore, low-redshift DLAs are highly valued. This is particularly true for DLAs at redshifts, z < 0.05, which can also be imaged in H I 21 cm. These systems are our only resources to ascertain the nature and connection of DLAs to the gas reservoirs of galaxies. It is worth noting that the origin of the low and high-redshift DLAs may different. Most -SDSS multicolor image toward the QSO SDSS J151237.15+012846.0. The QSO is marked in white, and the galaxies are marked with colored squares and labeled. SDSS insets of each of the galaxies are shown below. The redshifts of the galaxies are labeled for the six spectroscopically confirmed redshifts. The red and the cyan circles represent the FWHM of the Arecibo (4 ′ ) and the GBT (9.1 ′ ) beams centered at their respective pointings . The VLA field of view was bigger than the image shown above. The SDSS-based group finders (Yang et al. 2007 , Tago et al. 2010 listed the halo mass of this group as 2.5 × 10 12 M ⊙ and the virial radius as 176 kpc. Insets at rge bottom show the SDSS multicolor images of each of the galaxies. All of them were classified as blue galaxies, with stellar masses in the range of 0.1-8.3 ×10 10 M ⊙ and SFRs of 0.4-5 M ⊙ yr −1 .
of the low-redshift DLAs were believed to be associated with extended disks, the inner circumgalactic medium, or satellite galaxies (e.g. Neeleman et al. 2017) , while simulations showed that the high-z DLAs were not necessarily galaxy disks (Gardner et al. 2001; Pontzen et al. 2008; Yajima et al. 2012; Cen 2012; Rahmati et al. 2013; Yuan & Cen 2016) .
Unfortunately, at very low-redshifts, there are only a handful of DLAs that have been identified (Battisti et al. 2012; Neeleman et al. 2016) . This is because large spacebased surveys are required to identify low-redshift DLAs, thus making DLAs extremely expensive to discover. Therefore, pursuing statistical studies with large samples of low-redshift DLAs is currently almost impossible. Nevertheless, the situation is not entirely hopeless. Even individual systems promise to substantially increase our understanding and hence are worth studying.
We present one such discovery of a DLA tracing gas in a low-redshift galaxy group. This detection is the first of its kind and provided a unique window into a dynamically active environment. In fact, most galaxies in the universe reside in groups or clusters (Tully 1987) . In particular, groups are sites of intense galaxy interactions owing to the low velocity dispersion of the member galaxies of only a few hundred kilometers per second. As a result, gas-rich mergers and subsequent intense star formation are commonly seen in galaxy group environments (Sanders et al. 1988; Sanders & Mirabel 1996) . These environments also play a crucial role in the preprocessing of galaxies, where galaxies lose a significant fraction of their cold-gas content and may even suffer changes in their morphology. Many processes may be at work during the pre-processing phase, for example, the loss of neutral gas reservoirs due to enhanced star formation or from tidal and/or ram pressure stripping (Fujita 2004; Mihos 2004; Cortese et al. 2006; Rasmussen et al. 2008; Hess & Wilcots 2013; Vijayaraghavan & Ricker 2013; Cybulski et al. 2014; Wetzel et al. 2015) .
Our current understanding of gas physics and starformation is not robust enough to predict the resulting fate of the cold gas in galaxies involved in an interaction. Therefore, gas-rich galaxies in the early stages of interactions are perfect candidates for studying conditions that dictate the fate of the gas -whether the cold gas will trigger a starburst, become ionized, or transform into a different phase. In this paper, we studied the gas physics in this galaxy group to understand the nature, origin, survival timescales, and fate of the neutral gas during an interaction.
This work was motivated by two main objectives: first, to explore a very low-z DLA to learn more about the DLA population, and second, to explore the properties of the intragroup medium and relate it to the cold gas within member galaxies. This work was enabled by the discovery of a DLA indicative of cold gas in a QSO sight line probing a low-redshift galaxy group. We begin by describing the group and member galaxies in Section 2. This is followed by a detailed discussion on the absorbers detected in the QSO sight line and their properties in Section 3. In Section 4, we present our H I 21 cm images and discuss the properties of the atomic gas in the group. In Section 5, we discuss the implications of our observations in the context of an interaction-driven starburst. We do so by combining the observations of different phases of gas traced by the Lyα and metal-line absorbers, as well as H I 21 cm emission. Finally, we summarize our findings in Section 6.
The cosmological parameters used in this study were H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7.
THE TARGET
Our target was a galaxy group that was probed by the QSO sight line SDSS J151237.15+012846.0. The galaxy group consisted of six spectroscopically confirmed galaxies at a redshift of 0.0293. The Sloan Digital Sky Survey Data Release 7 (SDSS DR7) group catalog published by Tago et al. (2010) estimated the virial radius of the group to be 176 kpc and the maximum projected linear size (including all members) to be 444 kpc. The velocity dispersion was 200 km s −1 . Figure 1 shows the SDSS image of the group, with the galaxies and their redshift labeled. For simplicity we named the galaxies in alphabetical order from A to F. The galaxies spanned about two orders of magnitude in stellar masses from ≈ 10 9−11 M ⊙ . All the galaxies were star-forming, with specific star formation rates (sSFRs) ranging between −10.2 < log(sSFR yr −1 ) < −9.3. Their properties are listed in Table 1 . The SDSS-based group finders published by Yang et al. (2007) listed the halo mass of this group to be 2.5 × 10 12 M ⊙ , although it is worth noting that this catalog did not list galaxies E and F as part of the group. These two galaxies, while having the right redshifts, were much farther away from the group center and may not have had the chance to virialize yet. Therefore, they were left out of the calculations for estimating the halo mass.
Our sight line toward QSO SDSS J151237.15+012846.0 pierced the heart of the group. It lay at an impact parameter of 65 kpc from the galaxy SDSS J151243+012753 (galaxy A) -the brightest galaxy in the group. The closest galaxy to the sight line was galaxy B at an impact parameter of 64 kpc. Galaxy C was at an impact parameter of 111 kpc. Although this QSO sight line was initially observed for the COS-GASS survey (Borthakur et al. 2015b (Borthakur et al. , 2016 to probe the circumgalactic medium of galaxy A, it was left out of the sample, as the sight line also probed the halos of galaxies A, B, and C simultaneously. Because the three galaxies had the same redshift, it was not possible to ascertain the origin of the absorbers without additional data on the galaxies, which were not available to the COS-GASS survey.
QSO SLIGHT LINE PROBING A LOW-Z GALAXY GROUP

HST Observational Setup and Data Analysis
We obtained the ultraviolet spectrum of the QSO using the high-resolution grating G130M on the Cosmic Origins Spectrograph (COS) aboard the Hubble Space Telescope (HST). The spectrum covered the rest frame wavelengths from 1157 to 1472Å at a spectral resolution of 15−20 km s −1 . All absorption lines, including those associated with intervening systems, were identified interactively. Absorption features with equivalent widths W ≥ 3σ, were identified as "true features" and were further analyzed. The continuum was set using absorptionfree regions of the spectrum within ±1000 kms −1 (in some cases up to ±3000 kms −1 ) of the absorption feature and subsequently fitted with a Legendre polynomial The column density of log N(HI)= 20.42±0.10 was estimated by fitting a Voigt profile to the absorption feature. The fit is shown in red. We detected a weak Lyα emission at the centroid of the Lyα profile at 44 km s −1 . The similarity in velocity distribution of the Lyα absorption and emission indicates that both the absorption and the emission were produced in the same structure. Intervening absorbers are marked with 'I' in green.
of order between 1 and 5, similar to the procedure used by Sembach et al. (2004) . This ensured that the continuum was described in the neighborhood of the absorption feature precisely and nullified any slow variations in the QSO's spectrum. This step is crucial for identifying weak features where small-scale continuum variations can be significant. We also iterated continuum placement multiple times to reveal any weak 3σ features.
Absorbers within 600 km s −1 of the group redshift were identified as associated absorption of the group. They were then cross-referenced with other metal-line transitions of similar ionization states to confirm the velocity profile. All the absorption features in the QSO spectrum -including the intervening systems, QSO's intrinsic absorption, and the Milky Way's interstellar medium (ISM) -were identified to assess possible blending of the absorption features. To arrive at the measurements, we deblended the absorption features that had blending signatures by bootstrapping multiple optically thin transitions of the same species to arrive at the measurements.
Detection of a Damped Lyα System
We detected H I (Lyα ) λ 1216 at the redshift of the group. Figure 2 presents the Lyα profile as a function of the rest frame velocity of the group (v = 0 corresponds to z =0.0293). The Lyα absorption feature exhibited prominent damping wings. The velocity spread of the feature was over 4000 km s −1 with the trough covering 700 km s −1 . A Voigt profile fit to the absorption feature gave a column density estimate of log N(HI) = 20.4, thus making it a DLA system 1 . The velocity centroid was found to be at an offset of 71 km s −1 from the group redshift. This is not significant, considering the fact that uncertainty in the redshift estimation for the group was of a similar order.
We also detected Lyα emission precisely at the center of the Lyα profile at 68 km s −1 i.e. z DLA = 0.291. This indicates that the emission arose from the same structure as the absorption (similar to the discussed by Wolfe et al. 2005; Rahmani et al. 2010; Rauch & Haehnelt 2011) . The DLA acted as a coronagraph, blocking the light of the background QSO, thus enabling the detection of Lyα emission from fainter objects at z = z DLA . The emission is most likely associated with the larger-scale H I structure traced by the DLA. Unfortunately, the quality of our data are not good enough to pursue kinematic analysis of the emission profile.
The measurements for the Lyα transition are presented in Table 2 . The equivalent widths reported in the table were measured over all the observed components for each of the species. Using curve-fitting techniques similar to those used by Tripp et al. (2008) ; Tumlinson et al. (2013) , we fitted Voigt profiles to the absorption features and derived the velocity centroids and b-values from the fits using the software by Fitzpatrick & Spitzer (1997) . The line-spread function of the COS G130M grating was folded into the fitting procedure. The number of components that were fitted was determined by visual inspection. For species with multiple transitions, the fit was derived by fitting all the transitions optimally. The H I column density and velocities were derived from Lyα alone, as we did not have access to any other transitions. The uncertainties in the measurements were estimated using the error analysis method presented by Sembach & Savage (1992) and included continuum placement uncertainties along with Poisson noise fluctuations and flux zero-point uncertainties. Figure 3 presents the COS spectra of the metal-line transitions. Most of the absorption features associated with low ionization states, such as O I, C II , and Si II, had multiple components and were optically thick.
O I λ1302 showed three components at 27, -177, and -99 km s −1 (in the order of their strength) and had a total column density of log O(I) > 16.0. The presence of strong O I that has an ionization potential of 13.6 eV (very close to the ionization potential of H I) suggests that the gas is primarily neutral. The offset in velocity centroids between the DLA and the strongest O I component (at 68 km s −1 vs. 27 km s −1 in the rest frame of the group) is not surprising given that the O I feature is saturated with a broad trough, which adds significant uncertainty to the estimation. The same is the case for C II where we detected two components at 16 and -160 km s −1 . The strongest feature is saturated, thus giving us a lower limit of the column density of log (CII) > 15.4.
O I λ1302 showed three components at 27, -177, and -99 km s −1 ) (in the order of their strength) and had a total column density of log O(I) > 16.0. The presence of strong O I with an ionization potential of 13.6 eV, which was very close to the ionization potential of H1, suggested that the gas was primarily neutral. The offset in velocity centroids between the DLA and the strongest O1 component (at 71 km s −1 vs. 27 km s −1 in the rest frame of the group) was not surprising, given that the O I feature was saturated with a broad trough, adding significant uncertainty to the estimation. The same was the case for C II where we detected two components at 16 and -160 km s −1 . The strongest feature was saturated, indicating a lower limit to the column density of log (CII) > 15.4. Rest-frame Velocity of the Group (km/s) We did not detect Si iv suggesting that the gas was primarily neutral. Left: the optically thin S ii lines that allowed us to measure the column density of S ii in the absorbing gas. The lines λ1250 and λ1259 were blended and the Voigt profile was obtained from fitting the transition λ1253. It was used to create models for the absorption profile from the other two transitions. The models are shown in red. Middle: optically thin and thick components observed in the four transitions of Si ii. Si ii 1304 was optically thin. The other transitions were primarily optically thick. The two blueward (negative) components were partially optically thin and showed the expected ratio of oscillator strengths. Right: Optically thick low ionization transitions such as O i and C ii and intermediate-ionization transition Si iii. The higher ionization state as traced by Si iv transition was also included in the panel. Si iv was not detected in our data, and an upper limit was derived.
Our data covered three adjacent ionization states of silicon, namely Si II, Si III, and Si IV. In addition, we covered four transitions of Si II -λλ1190, 1193, 1260, and 1304, with different oscillator strengths. Si II λ1260 had the highest oscillator strength, while Si II λ1304 had the lowest. This allowed us to evaluate the saturation level in the profiles. We detected four components in the Si II profile at 70, -7, -139, and -125 km s −1 listed in order of their strengths. They showed different levels of saturation. The strongest component was saturated in all the four transitions. The weaker components were optically thin and showed the expected ratio of absorption strengths corresponding to their intrinsic oscillator strengths. Therefore, we estimated log (SiII) > 14.3.
We detected two components in the Si III absorption profile at 21 and -165 km s −1 respectively. The level of saturation of these features could not be determined accurately, although the best-fit Voigt profile suggested that they have been mildly saturated. Unlike the low ionization species, the Si III absorption feature showed only two components and of almost equal strengths. This could be due to the blending of the features. Qualitatively, the Si III profile was similar to the Si II, C II, and O I profiles with two distinct absorption complexes at ≈ 21 and -165 km s −1 . However, the ratio of the relative strengths of these two complexes (i.e., the ratio of their equivalent widths) increased from ≈ 0.4 to 1.0 for O I through Si III with Si II and C II showing intermediate ratios. Interestingly, this was the same order as the ionization potential of each of these species. Therefore, we conclude that we were seeing two absorbing complexes with slightly different ionization states. The gas associated with the blue component centered at -165 km s −1 is at a higher ionization state than that of the gas associated with the red component centered at 21 km s −1 . The two components need not be spatially connected. The strongest component was seen in all the low ionization transitions and is most probably associated with the DLA. The weaker and higher ionized component could be a chance projection of a background or foreground cloud with respect to the DLA. We discuss the differences between the two components later.
The highest ionization state of silicon in our wavelength coverage was Si IV. We did not detect any absorption at the expected wavelength of Si IV. The estimated upper limit for Si IV column density was log SiIV < 13.5. The nondetection of Si IV suggested that although the blue component seen in Si III may be tracing gas at a higher ionization state than the red component, the overall ionization state of the gas in both the components was fairly low (<< 33.5 eV needed to ionize Si III). Furthermore, this observation was consistent with Si IIIλ1206 being the strongest absorption line tracing metals in the warm circumgalactic medium of galaxies (also see Collins et al. 2009; Shull et al. 2009; Lehner et al. 2012 Lehner et al. , 2015 Borthakur et al. 2016; Richter et al. 2016) . It was expected to trace even the smaller pockets of warm neutral to semi-ionized gas.
In addition to the commonly detected metal-line transitions in absorption, the higher column density of the system does make it possible to detect transitions of other species with much weaker oscillator strengths. In this case, we detected optically thin transitions of low ionization species such as S II λλ1250, 1253, and 1259. The S II λλ1250, and 1259 transitions showed blending with intervening Lyα and Si II λ1260, leaving the S II λ 1253 as our best candidate for column density measurements. The best-fit parameters obtained from the Voigt profile fit to this transition were used to generate expected profiles of tS II λ 1253 transitions, which matched the observed features perfectly. This confirmed that the S II λ 1253 transition was in the linear part of the curve of growth with a column density of log (SII) = 15.1 and was not affected by saturation effects.
Our data also covered the observed wavelengths for N V λλ1239, and 1243, but we did not detect any absorption. This result was consistent with the nondetection of Si IV. The data did not cover the observed wavelength for C IV or O VI and hence no measurements could be made. It is worth noting that the nondetection of Si IV and N V significantly reduces the likelihood of a C IV detection. The same can be extended to O VI as well, although the hot (10 5.5−6 K) intragroup medium expected in groups may contribute to the O VI profile (Mulchaey et al. 1996; Stocke et al. 2014 Stocke et al. , 2017 Faerman et al. 2017 , and references therein). We list all the measurements for the transitions discussed above in Table 2 , including equivalent widths, velocity centroids, b-values, and column densities.
Metallicity and Ionization Correction
Although we did see multiple absorption components in the metal-line transitions, it was not possible to identify associated neutral hydrogen column densities. This was the case for all DLAs where the Lyα absorption was broad and symmetric 2 , as well as spread over a few thousand kilometers per second, thus washing out any signs of individual components. We assumed that the system could be considered as the sum of the components, and we evaluated an average metallicity and ionization state of the gas.
The absence of absorption associated with higher ionization transitions such as Si IV and N V suggested that the gas was in a low ionization state. This was corroborated by optically thick transitions of C II and Si II. One of the most suitable elements for identifying the metal content is the element sulfur as it does not deplete onto dust and lies on the α-element synthesis sequence (Rafelski et al. 2012) . Therefore, we used optically thin S II to estimate metallicity of the DLA, as most of the sulfur was expected to be in this ionization state. This yielded a metallicity estimate of 0.33
The observed column densities of silicon and carbon are 13 and 8 times lower than expected. This can be attributed to the uncertainty of the column density estimates of silicon and carbon owing to the saturation of the absorption lines and our assumption that the detected transitions were the dominant ones, as well as due to depletion.
We ran the radiative transfer code CLOUDY (Ferland et al. 1998) , to generate ionization models to estimate the density of the cloud. The models were generated assuming that the cloud is a static slab of gas that is being irradiated by the cosmic ultraviolet background from all sides. These simulations used the latest corrections to the UV background, i.e., ionization parameter, U=Φ HM /(c n H ), where Φ HM = 6×10 3 photons cm −2 s −1 (Puchwein et al. 2018 ). The models were run for a wide 2 Asymmetric profiles have been successfully deblended by
Fig. 4.-Photoionization modeling, using numerical code CLOUDY (Ferland et al. 1998) , shows the column densities of various species for a slab of gas with neutral H i column density of 2.5×10 20 cm −2 . The column densities for the transitions were represented with different colors as a function of density and ionization parameter (U HM 18,z=0.0 ). The ionizing source was assumed to be the cosmic ultraviolet background as described by Puchwein et al. (2018) . The observed column density of Si iii (component at 22 km s −1 ) and the limiting column density of Si iv indicated that the density of the cloud was 0.0025 − 0.00063 particles cm −3 . As expected, the modeled column densities of most low ionization species were an order of magnitude higher than the limits. The exception was S ii, which was an optically thin transition and showed little variation as a function of ionization parameter. range of gas densities, n = 0.3 − 3 × 10 −5 cm −3 , and ionization parameters log(U) ≈ −2 to − 7. The neutral hydrogen column density was fixed to log(HI)=20.4, as measured by fitting the Voigt profile to the Lyα absorption feature.
The density of the cloud came from the column densities of the two adjacent ionization states of silicon -Si III and Si IV. While Si III λ1206 had a column density of log N(Si III) ≥ 13.4 (the main component), no absorption was seen for Si IV thus resulting in an upper limit of log N(Si IV) ≤ 13.5. These levels are marked in Figure 4 with the blue (for Si III) and red (for Si IV) dashed lines. This limited the average densities for the gas cloud to be less than 2.5 × 10 −3 particles cm −3 . This implied that the DLA was at least 29 kpc along the line of sight.
It is worth noting that most of the low ionization transitions, such as O I, Si II, and C II, are modeled to have significantly larger (1-0.3 dex higher) column densities than what was measured. However, that was expected as these transitions were in the optically thick regime as evident by their saturated absorption profiles, and therefore the measured values are the lower limits. In general, the measured column densities (and limits) were consistent with the gas in the DLA being photoionized by the cosmic ultraviolet background.
ATOMIC GAS ASSOCIATED WITH THE GROUP
The redshift of this system allows us to map the neutral H I in its environment. Since the discovery of this DLA is unbiased in terms of its neighborhood, the insights from studying its environment could shed light on higher-redshift systems that cannot be imaged in H I . Therefore, we conducted single-dish and interferometric observations of this system in H I 21 cm spin transition to spatially connect the DLA to the atomic gas structures in its neighborhood.
Observations
One of the member galaxies of this group, galaxy A, was observed with the Arecibo telescope as part of the GALEX Arecibo SDSS Survey (GASS; Catinella et al. 2013) . This is the most massive galaxy in this group and lies at an impact parameter of 65 kpc from the sight line. The H I mass detected in the Arecibo spectra (beam size of 3.5 ′ ) centered at the position of galaxy A was 1.9 × 10 9 M ⊙ (GASS ID 7813) . However, the Arecibo beam was much larger than the projected size of the galaxy and covered a significant part of the group. Therefore, to characterize the H I distribution more precisely, we conducted observations with the NSF's Karl G. Jansky Very Large Array (VLA 3 ). In the rest of the paper, we will focus on the VLA data. We also obtained H I spectra with the Green Bank Telescope (GBT), which is discussed in the Appendix.
We conducted VLA D and C configuration H I 21 cm imaging of this group under programs 14A-561 and 14B-057 for 4 and 2 hr, respectively. The data were obtained in both configurations in order to gain both sensitivity (from the D configuration) and resolution (from the C configuration). The data were obtained in a dualpolarization mode with the WIDAR correlator. A spectral resolution of 2.3 km s −1 was achieved. The data were analyzed with the Common Astronomy Software Applications (CASA) package of the National Radio Astronomy Observatory (NRAO). The data from each configuration were calibrated individually and then combined for higher resolution and high signal-to-noise ratio. The combined data (C+D hereafter) yielded an rms noise of 2.36×10 −2 Jy/beam × km s −1 corresponding to a column density of 1.8×10
19 cm −2 . The synthesized beam size of the combined data was 41.56 ′′ ×35.37 ′′ at a position angle of 5.72
• . The VLA C+D H I image is presented in Figure 5 as blue contours overlaid on the optical image of the group. The member galaxies are identified, and the background QSO is marked with an ellipse. As the background QSO was not radio-bright, we did not suffer from any issues related to dynamic range.
4.2.
Results from H I imaging with the Very Large Array We detected a total H I mass of 2.5 ± 0.1 × 10 10 M ⊙ in this group. We detected H I associated with galaxies B, C, E, and F. We did not detect H I emission from 6, 7.5, 11.3, 18.8, 37.6, 56.3, and 75 .1 × 10 19 cm −2 . Right: The Hi spectrum of the galaxy E showing a total Hi mass of 8.3 ± 0.8 × 10 8 M ⊙ . A first-order polynomial was fitted to remove a dipping continuum at the edges. The order of the polynomial fit did not change the Hi mass by more than a couple of percent.
galaxies A and D. Most of the H I mass of the group was in a massive H I cloud of 1.9 ± 0.1 × 10 10 M ⊙ enveloping galaxies B and C (Figure 6 ). The H I distribution peaked at the position of the two galaxies with a broad bridge connecting them. Tail-like extensions (at 3σ) were seen in the southeast direction. In addition, multiple finger-like structures were also detected at the edge of the H I distribution. The QSO sight line lay close to one such extension; however, at the resolution and sensitivity of the data, we were unable to detect any H I that covered the QSO sight line. Galaxy E, with an H I mass of 8.3 ± 0.8 × 10 8 M ⊙ was also surrounded by multiple elongated H I structures. These could potentially be surviving remains of a tidal stream (Figure 7) . The H I in galaxy F was detected in a symmetric rotating disk centered at the optical galaxy (Figure 8 ). This was indicated by the double-horn spec- tral profile with an H I mass of 3.0 ± 0.07 × 10 9 M ⊙ . The H I in galaxy F was detected in a symmetric double-horn spectral profile with M(HI) = 3.0 ± 0.07 × 10 9 M ⊙ , thus indicating the presence of a rotating disk centered at the optical galaxy.
The H I Envelope around Galaxies B and C
Here we discuss the kinematics of the H I envelope around galaxies B and C. Figure 9 shows the positionvelocity diagrams. The left panel is an east-to-west slice across the entire cloud passing through the centers of both the galaxies. The middle and the right panels show the north-to-south slices for galaxies B and C, respectively. The angular position (abscissa) in the plots was chosen arbitrarily. The strength of the H I distribution peaked at the position of the two galaxies. The two peaks lie at the same velocity. H I in galaxy C had a high-velocity component blueward of the systemic containing M(HI) blue = 2.2 × 10 9 M ⊙ . The blueshifted tail was detected in all the slices that pass through galaxy C, but was spatially unresolved. We discuss the nature of the blueshifted emission (inflow vs. outflow) in the next section.
In Figure 10 , we show the comparison of the H I 21 cm spectra with O I absorption line tracing the kinematics of the DLA. The damping wings of the Lyα washed away the kinematic signatures of the gas in the DLA; consequently, we choose metal lines to trace the kinematics. We found O I to be the best proxy for hydrogen, as it has an ionization potential of 13.62 eV, close to that of hydrogen. We compared the H I spectrum of galaxies B+C (black), galaxy B (green), and galaxy C (red) to the absorption profile. The spectra of galaxies B and C were extracted from non-overlapping regions around the galaxies, whereas B+C was the total H I of the complex.
Interestingly, the kinematic structure of the blueshifted emission was similar to the blueshifted wing of the O I profile. The kinematic similarity suggested that the blueshifted tail of the H I distribution of galaxy C extended much farther out spatially. This is a surprising find because the QSO sight line was 112 kpc away from galaxy C. In addition, the nature and location of the DLA were consistent with it being associated with the H I envelope of galaxy B. Therefore, the blueshifted gas in the QSO spectrum was a chance projection of a second cloud that was physically distinct from the DLA. The filamentary H I structures around galaxy E were also at similar velocities to the blueshifted emission. The extended nature of the blueshifted emission suggested that it traced a "group-scale" structure.
DISCUSSION AND IMPLICATIONS
H I Distribution in the Group
The VLA imaging showed that most of the H I associated with the group was contained in a large envelope around galaxies B and C. Even if each of them owned half of the H I i.e. 0.95 × 10 10 M ⊙ ; that would be put them at the extreme end of the H I mass function (Zwaan et al. 2005; Martin et al. 2010) . Less than 20% of all isolated galaxies have masses in this range or higher. Therefore, to have two of them in a group is fairly rare given that galaxies in groups are more likely to be H I poor than galaxies in the field (Williams & Rood 1987 ).
Another interesting aspect of H I distribution in this group is that no H I emission was detected around galaxies A and D in our VLA imaging 4 despite being blue spirals. H I -deficient galaxies are common in galaxy clusters and dense groups (Yoon & Rosenberg 2015; Crone Odekon et al. 2016 , and references therein). In compact groups, H I deficiency was related to the evolutionary stage, with highly evolved groups missing large fractions of their H I (Verdes- Montenegro et al. 2005) . Expanding the theory to this group would imply that galaxies A and D had spent a significant amount 4 The Arecibo spectrum detected an H I mass of 1.9 × 10 9 M ⊙ around galaxy A. The gas could exist as faint diffuse gas that was not detected by the VLA, or the Arecibo beam might have picked flux from the B+C complex Fig. 9. -Position-velocity plots show the Hi distribution as a function of velocity through three position slices. The ordinate represents the observed velocity in the units of km s −1 . The left panel is a position cut from east-to-west passing through the centers of galaxies B and C. The middle and the right panels are north-to-south cuts for galaxy B on the left and for galaxy C on the right. While most of the Hi lay within 100 km s −1 of the peak at 8750 km s −1 (z=0.029), galaxy C showed an extended Hi emission tail reaching up to ∼200km s −1 blueward of the systemic. of their lifetime in the group environment, where they were transformed into gas-poor galaxies. The most likely mechanisms for this transformation were the loss of their H I via tidal interactions and ram pressure stripping (Rasmussen et al. 2008; Brown et al. 2017 , and references therein).
5.2. Possible Origins of the DLA We did not detect any H I at the position of the DLA. The H I emission column density ( Figure 5 ) at the location of the DLA was < 5x10
19 cm −2 , while the fit to the Lyα profile gave a column density of 2.5x10 20 cm −2 . The absorption strength was five times larger than the average column density measured in H I emission. This is most likely an indication of beam dilution. Therefore, on scales of 20 kpc, the H I distribution must have been highly patchy.
The location of the DLA with respect to the H I in the group, the low metallicity and the low ionization state of the gas in the DLA suggested a few possible avenues for its origin. The 21cm H I maps indicated that the H I distribution nearest to the QSO sight line was associated with galaxies B and C. Therefore, the DLA was probably associated with the extended H I envelope of galaxies B and C. The kinematics of the DLA was also consistent with the kinematics of H I in the B+C complex. The closest H I structure to our DLA is the H I cloud enveloping galaxies B and C. The presence of fingerlike structures fairly close to the QSO position advocated for a connection between the DLA and the ISM. The metallicity of the DLA was consistent with gas in the outer disks of galaxies (Moran et al. 2012 , and references therein). In addition, the low ionization state of the gas in the DLA advocated for similar origin to the ISM.
Galaxy groups, being the sites of high galaxy densities with low velocity dispersion, are ideal for intense tidal interactions. As a result, tidal structures are common in group environments. These structures disperse the ISM of the individual galaxies into the intragroup medium. Could our DLA be associated with tidal debris? The finger-like structures of the ISM in galaxies B and C were most likely created via some tidal disturbance. Such morphologies are highly unusual in an undisturbed disk but are prevalent in slightly perturbed systems. We did not detect any tidal tails and bridges between galaxies B and C. Based on the close proximity of the two galaxies, we concluded that we were witnessing the early phase of galaxy interaction in this system. Therefore, it is likely that the DLA could be a tidally disturbed ISM cloud that was either attached to the H I structure or free-floating in the intragroup medium. Such structures are likely to exist since the survival timescale for neutral gas in the intragroup medium at the virial temperature of 10 6 K is about 1 Gyr (Borthakur et al. 2010 ). Another possibility satisfying the observed low metallicity and low ionization state of the gas was that the QSO sight line pierces through a dwarf galaxy. From our most sensitive D configuration H I map, we estimate that the limiting H I mass (corresponding to 3σ) of such a galaxy would have to be no more than 5 × 10 7 M ⊙ for an H I line width of 100 km s −1 . The mass-metallicity relationship of dwarf galaxies predicted the stellar mass as log(M ⋆ ) ≈ 8.8 (Berg et al. 2012) . That would imply a low gas fraction < 10% for a dwarf galaxy (see Zhang et al. 2009 ).
The presence of a foreground dwarf galaxy along the QSO sight line could be identified by identifying its emission lines that were superimposed on the QSO spectrum (York et al. 2006; Lundgren et al. 2009; Borthakur et al. 2011, see) . In the past, Hα had been used extensively for that purpose. We did not observe Hα emission in the QSO spectrum at the redshift of the DLA, thus confirming that the dwarf galaxy (if any) is not starforming. We estimated a star formation rate SFR < 0.0013 M ⊙ yr −1 within the SDSS fiber assuming a line width of 3.3Å. This translates to an SFR surface density of < 1.3 × 10 −4 M ⊙ yr −1 kpc −2 for the DLA hosts. This is very low for a normal star-forming dwarf galaxy (Borthakur et al. 2011) . Although this hypothesis cannot be rejected with certainty, the likelihood of the DLA being part of a dwarf galaxy is quite low.
It is also unlikely that the DLA was produced by cooling flows (Fabian 1994 , and references therein). Those are commonly seen in galaxy clusters and X-ray-bright groups. This group was not X-ray bright, and hence cooling flows were unlikely. On the other hand, it is worth noting that the DLA had the same metallicity as that expected for the intragroup medium, i.e. ≈ 0.3 Z ⊙ (Peng & Maiolino 2014) . This is consistent with the idea of tidal structures feeding the intragroup medium.
Lyα Emission and Its Possible Origin
We detected weak Lyα emission at the trough of the DLA absorption profile. The flux in the emission profile was 4.9×10 −17 erg s −1 cm −2 , corresponding to a luminosity of 8.89 ×10 37 erg s −1 . Assuming no Lyα loss due to scattering or dust attenuation, the in-situ SFR would be 10 −4 M ⊙ yr −1 associated with the DLA (as discussed by Wolfe et al. 2005) . Møller et al. (2004) correlated the presence of Lyα emission to the metallicity of the system. They argue that since SFR and mass of galaxies are correlated and the mass and the metallicity of galaxies are correlated, hence one would except the Lyα production rate and metallicity to correlate as well. Interestingly, the metallicity of our DLA falls within the range of metallicities of DLAs in their sample with Lyα emission.
Another strong possibility for the origin of the Lyα emission feature was scattered radiation generated by young stars in galaxies B and C. Such low levels of Lyα emission are consistent with extended Lyα -emitting halo around star-forming galaxies (Wisotzki et al. 2016; Hayes et al. 2013; Lake et al. 2015; Kunth et al. 2003; Hayes et al. 2005; Östlin et al. 2014 ; Mas-Ribas & Dijkstra 2016, and references therein). The COS aperture is ≈ 1.25
′′ in radius at a radial distance of 110 ′′ and 190 ′′ from galaxies B and C, respectively. If a uniform Lyα halo exists around galaxies B or C, the total Lyα luminosities would be 0.7×10 42 erg s −1 and 2×10 42 erg s −1 respectively. These fluxes were similar to that measured by Wisotzki et al. (2016) in their sample of high-redshift galaxies on an individual object-byobject basis. The Lyα luminosities would imply an SFR of at least 0.72 and 2.2 M ⊙ yr −1 for galaxies B and C respectively. Interestingly, both these values were slightly smaller than the measured SFRs (see Table 1 ). That was expected, as Lyα is attenuated in the presence of dust. Therefore, it is highly likely that these galaxies may indeed have an Lyα halo around them. Such Lyα halos in gas-rich groups and protoclusters had been detected at higher redshifts (e.g. at z∼2 by Prescott et al. 2012) .
Inflowing Atomic Gas Detected in Galaxy C
The kinematics of the bluest component of O I in the DLA matched well with the blueshifted 21 cm H I emission toward galaxy C. Therefore, we concluded that the QSO sight line and the H I emission near galaxy C were tracing the same structure. This structure was most likely spatially distinct from the DLA and was just a chance overlap on the sky toward the QSO sight line. The position-velocity diagram (Figure 9 ) shows a velocity extension of 200 km s −1 of the H I associated with galaxy C that was seen in both the east-to-west and north-to-south slices. The positional spread of the blueshifted H I remained the same in the east-to-west direction, whereas it moved slightly toward the east (away from the center of the galaxy) in the north-to-south slice. The positional shift was not well resolved (synthesized beam size of 42 ′′ × 35 ′′ ). The spatial distribution of blueshifted H I indicated it to be concentrated at the center of galaxy C and was not resolved in our most sensitive H I map. -Left: cartoon describing two possible scenarios (inflow and outflow) that explain the possible origins of blueshifted Hi emission in galaxy C. In the case of an outflow capable of generating blue-shifted Hi emission, we expect strong blueshifted metal-line absorption in the spectrum of galaxy C. In the absence of any signs of a strong outflowing wind such as strong blue-shifted Na I absorption or any broad emission lines, we concluded that the most likely scenario for the origin of the blue-shifted Hi was gas inflow. Right: Sloan Digital Sky Survey spectra showing the Na Iλλ 5890, 5896 doublet for galaxies B and C. We did not detect any outflowing component in the spectra of galaxy C where blueshifted Hi emission was detected. The predicted absorption profile of the blueshifted Na I with N(NaI) = 4 × 10 13 cm −2 is shown in black. The profile was assumed to have the same b-value as the bluemost component of O i profile. The predicted Na I column density was estimated assuming a solar abundance ratio of N(Na)/N(O) = 3.8 × 10 −3 . We assumed that all the Oxygen was in O i and the sodium in Na I. We also did not detect blueshifted Ca II.
The presence of the blueshifted H I may be interpreted as either (1) inflow into the galaxy from behind or (2) outflow from the galaxy that was moving toward us (see the left panel of Figure 11 for a schematic). The expected signatures of these scenarios were indistinguishable in the H I 21 cm data if the gas was sufficiently neutral. However, other metal-line absorption in the spectrum of galaxy C could be used to distinguish between them. In the first scenario, we should not see any blueshifted absorption in the galaxy spectra, as the inflow would be behind the source, i.e. the stars in the galaxy. On the other hand, for outflowing gas, we should detect it as blueshifted absorption in the spectrum of the galaxy.
The outflowing gas is expected to be metal-rich. Since we detected neutral hydrogen, we expected the presence of low ionization metal lines such as Na I and Ca II. These observed wavelengths for these transitions were covered in the optical SDSS spectra of galaxy C (see right panel of Figure 11 ). We used the bluest component of the O I absorber of the DLA, which matches the kinematics of the blueshifted H I emission, to predict the column density of Na I if the blueshifted H I was outflowing. We assumed the sodium-to-oxygen ratio to be solar and derived a the predicted N(NaI) = 4 × 10 13 cm −2 . The predicted Na I profile is shown in the right panel of Figure 11 . This was calculated assuming that the Doppler b-parameter of Na I is the same as that of the bluest component of O I (i.e. 41 km s −1 ). The SDSS spectrum did not show Na I absorption at the predicted level. Instead, we estimated the limiting column density of N(NaI) 3σ < 5 × 10 12 cm −2 , which was an order of magnitude smaller than the predicted. Hence, it is likely that the blueshifted H I was not tracing outflowing gas; instead, it was tracing inflowing gas from behind the galaxy. Since Na I may suffer from ionization effects and depletion, we suggest that this result is verified by the sensitive ultraviolet spectroscopy of galaxy C tracing Lyα and other metal-line species.
Corroborative evidence supporting the proposed inflow scenario was that the ionization state of the gas in the blueshifted wing was fairly low with no Si IV. Unlike inflowing cold gas, outflows are driven by hot wind fluid sweeping the cold ISM. The outflows should therefore have signatures of iterations of cold clouds with the hot (10 6−7 K) wind fluid. These signatures would include boundary layers of gas at various ionization states (traced by Si IV, C IV, and O VI) that envelop the cooler cores (see, e.g. Sembach et al. 2003; Songaila 2006; Grimes et al. 2009; Chisholm et al. 2018 ). We did not detected any boundary layers.
We estimated the accretion rate of gas to be ∼ 2M ⊙ yr −1 . Using the observed column density of the bluemost component in the O I at -177 km s −1 and assuming its metallicity to be the same as the DLA, we estimated the total hydrogen column density of N(H) ≥ 6.2×10
19 cm −2 . The motivation for choosing O I was due to its ionization potential matching hydrogen, as well as the fact that the line kinematics are clearly observed in its profile, unlike the Lyα profile. We assumed the solar abundance ratio of O/H and that all the oxygen was in O I to derive the above-mentioned value. The estimated H I column density implies that the inflowing gas was a Lyman limit system (LLS). The LLSs have been argued to be tracers of inflow of gas in galaxies (Hafen et al. 2017; Fumagalli et al. 2016; Erkal 2015; Lehner et al. 2012 Lehner et al. , 2013 Ford et al. 2013; van de Voort et al. 2012; Fumagalli et al. 2011 , and references therein). Photoionization modeling suggested that the density of the LLS was in the range of 0.3 − 1.2 × 10 −3 cm −3 . This implied a line-of-sight length of 16 − 64 kpc. If the bulk of the gas was moving at 177 km s −1 toward galaxy C, then the accretion rate was 1.4 − 5.7 M ⊙ yr −1 . Based on the transverse size of the blueshifted gas and the halo mass of the group, we suspected that inflowing structure might be of tidal origin and was falling into the nuclear region of galaxy C. The strong Hα emission in galaxy C supported a recent episode of star formation. This made galaxy C an excellent candidate for studying how gas inflow during interactions may trigger star formation and may lead to a starburst. The accretion rate derived from the O I absorption measurements matched the SFR (2.5 M ⊙ yr −1 ) of galaxy C. Detailed study of the stellar population and its distribution will provide critical clues to connecting gas inflow to the physics of nuclear star formation.
SUMMARY
We presented a QSO sight line from HST program 12467 that probed the central regions of a galaxy group at z=0.029. The ultraviolet spectrum was obtained with the high-resolution G130M grating of the COS and had a spectral resolution of 15-20 km s −1 . The group consisted of six spectroscopically confirmed members (galaxies A-F) with a stellar mass ranging from 10 ∼9−11 M ⊙ . We detected a DLA system at the redshift of the group along with a large assortment of metal-line transitions. Motivated by this discovery, and in order to probe the nature and origin of the DLA, we imaged the group in the H I 21cm hyperfine transition with the VLA in D and C configurations. Here we list the conclusions of our study and how this system may help in bridging the gap in our understanding of interaction-driven star formation.
1. We detected a DLA with atomic hydrogen column density of N(HI)=10 20.4 cm −2 at the redshift of the group. We also detected Lyα emission at the absorption trough of the DLA. The Lyα luminosity suggested that the emission could be associated with an Lyα halo surrounding galaxies B and/or C.
2. We also detected low ionization transitions such as O I, C II, Si II, S II and intermediate-ionization transitions such as Si III. These transitions had multiple components spread over a range of velocities (≈250km s −1 ). The component structure varied between the species, thus suggesting that the DLA contained multiple components with slightly different ionization states. However, all the components are primarily neutral. The absence of highionization transitions such as N V or Si IV, along with evidence from ionization modeling, confirmed this finding.
3. The metallicity of the gas was estimated to be 0.33
−0.11 Z ⊙ . The estimate relied on the robust column density measurements of the Lyα transition and optically thin S II. The metallicity of the DLA was consistent with that seen in outer disks of galaxies.
4. Photoionization modeling suggested that the metal-line ratios seen in the DLA were consistent with the DLA system being ionized by the cosmic ultraviolet background. It also constrained the average densities of the DLA to be 2.5 × 10 −3 particles cm −3 . This implied that the absorbing structure is at least 29 kpc in size along the line of sight.
5. The VLA HI image of the group showed a gasrich environment with atomic gas associated with galaxies B, C, E, and F. The H I mass of the group was estimated to be 2 × 10 10 M ⊙ with most of it concentrated as an envelope surrounding galaxies B and C.
6. No H I counterpart to the DLA was seen in the VLA image. We found finger-like extensions of the H I associated with galaxies B and C extending toward the QSO sight line. Based on the proximity of the H I complex enveloping galaxies B+C to the QSO sight line and the metallicity of the DLA, we concluded that the DLA was most likely tracing gas once part of the H I complex. The morphology of the B+C complex suggested that it might have been shaped by mild tidal forces. We also evaluated the possibility of dwarf galaxy as the origin of the DLA. Based on the limiting H I mass, stellar mass, and SFR surface density, the DLA is unlikely to be tracing the ISM of a dwarf galaxy. However, this possibility cannot be entirely ruled out. 7. We discovered blueshifted H I (200 km s −1 ) associated with galaxy C. The blueshifted gas had M(HI) = 2.2 × 10 9 M ⊙ . This component was concentrated around galaxy C and was unresolved in the VLA image. We concluded that this was tracing gas flowing into galaxy C from behind. The alternate explanation was outflowing gas, which was rejected owing to the absence of metal-line (Na I) absorption in the optical spectra of the galaxy. The galaxy showed very strong Hα emission, thus indicating the presence of young stars of ages less than 5 Myrs. Therefore, this galaxy is a unique example of gas accretion and star formation going hand in hand.
8. The bluemost component of the O I profile of the DLA matched well with the blueshifted emission in the H I 21 cm profile of galaxy C and the filamentary structure around galaxy E. This suggested that the blueshifted gas may be a groupwide structure. We estimated the gas accretion rate of 2 M ⊙ yr−1 for galaxy C, which is matches its SFR.
Galaxies B and C are excellent candidates for studying how gas inflow during interactions may trigger star formation. The presence of strong Hα emission in galaxies B and C as well as the likely detection of a Lyα halo, made this system a unique laboratory to study inflow and outflow processes. The nature of the final product of the interaction of these galaxies is hard to predict. However, the discovery of possible evidence of cold-gas accretion and the formation of young Hα-producing stars may provide us with valuable insights into the processes leading to a starburst. In the future, detailed study of the stellar populations, the ISM, and other aspects of this group will shed light on the triggers for interaction-driven gas flows and perhaps even what triggers starbursts.
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